The framework concept of the microbial carbon pump (MCP) and the idea that it stores recalcitrant dissolved organic matter (RDOM) in deep oceans for millennia was first proposed by Jiao et al. (Microbial production of recalcitrant dissolved organic matter: long-term carbon storage in the global ocean. Nature Rev. Microbiol. 8, 593-599 (2010)) 1 . This idea has recently received considerable attention 2, 3 . However, there are additional considerations that would make it more consistent with the known thermohaline circulation and the distribution of dissolved organic carbon (DOC) in the oceans. Rather than the surface ocean containing only labile DOM (LDOM), it may actually contain more RDOM than LDOM. In addition, known fossil carbon sources in the deep oceans that are unrelated to the MCP increase the apparent age of RDOM. Accordingly, the MCP may not be as effective in storing carbon as originally thought.
The basic idea put forward by Jiao et The RDOM, however, flows with water molecules and completes the thermohaline circulation in approximately 1,000 years. The only way for RDOM to grow to an age of 4,000-6,000 years that does not involve external sources of very old RDOM is for it to turn over four or five times in the water column of the oceans before it is finally decomposed, as discussed later. Therefore, the average RDOM molecule must move to the euphotic layer of the oceans four or five times in its lifetime.
In fact, the minimum apparent ages of DOC in the north-central Pacific and the Sargasso Sea close to surface seawater are at least 3,100 and 2,500 years old, respectively 5 . These values are consistent with the notion that a large fraction of the 4,000-6,000-year-old RDOM moves up to the surface, mainly in the Southern Ocean (FIG. 1) . The DOC concentration at the surface of most oceans is in the order of 75 μM, contrasting with 40 μM at depth 6 . The deep-water RDOM seems to survive the trip to the euphotic layer, and this RDOM accounts for more than 75% of the DOC concentration of <60 μM in the surface layer of the Southern Ocean. North of 50°S, the surface water DOC levels slowly grow to about 75 μM, with the increase occurring mainly in LDOM and SLDOM. Restated, the LDOM can only reach a concentration of 35 μM of carbon, instead of 75 μM of carbon, in the surface layer. Suppose that the 4,000-6,000-year-old RDOM mixes with the newly formed LDOM and SLDOM in the euphotic layer; the apparent age would then be 2,100-3,200 years, which is consistent with the observed ages. Briefly, RDOM should have occupied slightly more than half of the surface layer in figures 2 and 4 of the original article 1 . Accordingly, RDOM must represent more than half of the DOM that is exported from the euphotic zone. Hence, the contribution of SLDOM proposed by Jiao et al. must be reduced by a factor of more than two.
Microbial carbon pump: additional considerations
Chen-Tung Arthur Chen However, another issue -which is less certain than the one mentioned aboveconcerns other ways in which the RDOM may appear so old, as none of the three major pathways in the MCP can make the carbon older. Data already show that very old DOC is released in the deep oceans [7] [8] [9] [10] and can make the RDOM appear 1.6-18% older (see Further information), although the total effect is unknown. Notably, there is an age difference of 2,000 years between the DOC in the deep Pacific Ocean and that in the Atlantic Ocean 5 . As the deep waters flow from the Atlantic to the Pacific in less than 1,000 years, very old DOC is added during the transit and should not be neglected. 
